Aims: The performance of percutaneous echo-guided biopsy in the hepatic tumoral diagnosis is limited (90% sensitivity) by several factors, among which tumor characteristics (type, size, and location) play an important role. Contrast enhanced ultrasound guided percutaneous biopsy (CEUS-PLB) is a new developed technique aimed at increasing the accuracy of percutaneous biopsies. The objective of our study was to evaluate the feasibility and performance of CEUS as a guiding method in performing liver biopsy (PLB). Material and methods: One hundred and seventy one patients with liver tumors referred to the ultrasound department for LB were prospectively included in the study. PLB was performed with CEUS guidance in 90 patients (46 in patients with and 44 in patients without liver cirrhosis), in the remaining 81 (37 in patients with liver cirrhosis and 44 in patients without) with conventional US guidance. The lesions in the CEUS -PLB group were larger than those in the US-LB group (mean diameter 7.73 cm vs. 6.11 cm, p>0.05). In both groups the lesions were further divided in: a) lesions on cirrhosis; b) poorly visualized tumors; c) large tumors (>4 cm); d) cystic tumors; e) recurrences after ablation; and f) portal vein thrombosis. Results: Real time CEUS-PLB was technically successful in 84 of the 86 procedures (97.6% technical success rate). The rate of successful single puncture attempt in CEUS-PLB (43.02%) was higher than in the US-PLB group (23.4%) (p<0.05). The sensitivity of LB was significantly higher in the CEUS-PLB group than in the conventional US-LB group for all lesions (96.5% vs. 81.48%, p<0.05), for lesions on liver cirrhosis (95.2% vs. 75%, p<0.05), for large (> 6 cm) (97.8% vs. 82%, p<0.05), and for poorly visible lesions (100 vs. 66.6%, p=0.029). The patients with inconclusive pathological results after conventional guided LB were then biopsied with CEUS guidance. In all cases the final diagnosis could be established. One major complication occurred in each group (p>0.05). Conclusions: Percutaneous LB performed with CEUS guidance is a feasible and safe technique. It significantly improves the overall sensitivity of the procedure especially in patients with large lesions and in those poorly visualized on conventional ultrasound.
Introduction
In patients with liver tumors histopathological diagnosis by means of percutaneous biopsy is of great importance since it may provide crucial information for patient management, including the achievement of the final diagnosis, assessing prognosis, and selecting the proper therapy. The information offered by pathology is becoming even more important in the new era of molecular or genic oncological therapies.
In spite of a dramatic improvement in the imaging and tumoral markers diagnosis over the latter years, percutaneous needle biopsy is used frequently for the pathological diagnosis in oncology. Ultrasound is mostly used for guidance but with all the advantages offered by this imaging method, the overall sensitivity in the diagnosis of liver tumors remained around 90% [1] [2] [3] .
In the past years improvements in percutaneous biopsy have emerged in terms of needle design [4] or ultrasound methods with a complementary role in guidance (color or Power Doppler, 3D/4D ultrasound, navigation systems, and contrast enhanced ultrasound, CEUS) [5] [6] [7] [8] [9] [10] [11] .
Among these CEUS guidance has proved to be a feasible technique for increasing the efficacy of percutaneous biopsy [12] . CEUS has been used previously before percutaneous liver biopsy (PLB) to select non-necrotic areas or better locate/delineate the lesion as was successfully demonstrated in one large series [13] . Real time CEUS guided PLB was used to puncture invisible lesions in some small series [10, 11, 14] . To our knowledge no prospective study has been conducted to assess the effectiveness of "real time" CEUS guided biopsy in the diagnosis of liver tumors.
The aim of our study was to prospectively assess the technical feasibility and effectiveness of real time CEUS guided PLB in the diagnosis of liver tumors.
Material and methods
From January 2009 to December 2013, 175 patients (107 males, 68 females, aged from 20 to 90 years, mean 61.2 years) with liver tumors detected on conventional ultrasonography (B-US), contrast enhanced computed tomography (CT) or magnetic resonance imaging (MRI), with a high suspicion of malignancy were sent to our laboratory for PLB. The patients were randomly divided into 2 groups: a group who underwent PLB guided by conventional US (US-PLB) (81 patients) and another who underwent PLB guided by real time CEUS (CEUS-PLB) (94 patients). In the US-PLB group there were 37 patients with lesions on normal liver and 44 patients on cirrhotic liver. In the CEUS-PLB group there were 48 patients with lesions on normal liver and 46 patients with lesions on cirrhotic liver.
Previous reports and studies [12] [13] [14] [15] have identified several types of lesions that may benefit from CEUS-PLB: large lesions, lesions poorly or invisible in conventional US, lesions with cystic content, residual or renascent tumors after percutaneous ablation and portal vein thrombosis. Both groups were balanced for these criteria.
The patients were informed about the benefits and risks of the procedure and they gave an informed consent. The study was approved by the Ethical Committee of the university.
US-guided biopsy US-PLB was performed using a Aloka Prosound SSD 3500SX system with a 3.5 MHz transducer in 31 patients and Logiq 7 system (General Electric, Milwaukee, USA) with a 3.5 3-5 MHz convex array wide band probe in 50 patients. Color Doppler examination was useful to avoid the hepatic artery branches and other major hepatic vessels.
For lesions in the left lobe a subxyphoid approach was used, while for those in the right lobe, an intercostal or right subcostal approach was necessary. The coagulation studies accepted for the hepatic tumor biopsy were a platelets count higher than 60000/mmc and prothrombin time less than 15 sec. All patients fasted for at least 8 hours before the procedure.
After localization of the lesion, with color-Doppler mapping, we chose an appropriate biopsy path avoiding the vascular structures. The biopsy was performed with real-time sonographic guidance using the free-hand technique. We used 1.2 mm diameter (18 G) cutting needles (Bard) with a 1.4 cm long sampling notch coupled on a Biopty Gun (Bard, Cavington, USA). Before biopsy the skin was sterilized and local anesthesia with 2% lidocaine was performed. Special care was taken to avoid the direct puncture of superficial lesions; in such cases some effort was made to traverse some normal liver parenchyma. For deep-seated lesions the shortest pathway was used.
The number of puncture attempts was decided by the length and the aspect of the specimen sampled. If the first specimen sampled was judged to be unsatisfactory, a second attempt was made. The maximum number of punctures was 3. All patients were observed for 30 minutes after puncture and then sent to the gastroenterological department where they continued fasting for 2 hours. They remained in the hospital for the next 24 hours.
The tissue specimens were placed in 10% formaldehyde and then sent to the pathology department for histological examination by one experienced pathologist. Pathological diagnosis of hepatocellular carcinoma (HCC) was made according to the International Working Party criteria [16] .
CEUS-PLB Liver biopsies in this group were performed using a Logiq 7 machine (General Electric, Milwaukee, USA) with real-time contrast specific software and a 3-5 MHz convex array wide band probe.
Contrast enhanced imaging was performed according to the protocol used for the hepatic lesions examination [17, 18] . Examination was performed with low acoustic power (mechanical index under 0.1) after injection of a SonoVue (BR1; Bracco, Milan, Italy). SonoVue consisted of sulfur-hexafluoride (SF6) vapor-filled and phospholipid-stabilized microbubbles with a diameter uniformly smaller than 8 μm; these microbubbles circulate in the intravascular space crossing pulmonary and systemic capillary circulation. In each patient 2.4 mL of contrast-agent were administered. The low mechanical index technique avoids destruction of bubbles thus allowing the identification of the entire vascular phase of contrast agent perfusion, consisting of the arterial phase (15-30 s after injection of agent), portal phase (30-60 s after injection of agent), and late parenchymal phase [5] . CEUS-PLB was done in a split-screen mode, which displays the CEUS image on the right side and the background B-mode US image on the left side, simultaneously, on a single monitor. The mechanical index was usually set to 0.1. Focus was positioned at the bottom of the screen to minimize microbubble destruction. Field of view and gain were optimized to provide the clearest depiction of the lesion.
After the target lesion was selected with the use of conventional US and the results obtained from previous imaging studies (CT, MRI) the skin was sterilized and the predicted needle path was anesthetized with 2% lidocaine.
Prior to the intravenous injection of a 2.4 ml SonoVue, the needle is inserted into the skin entry at the level selected. When the lesion began to clearly appear following the contrast agent injection, the needle was advanced, via an intercostal or subcostal approach. In cases of large lesions well depicted on conventional US the needle was directed in the arterial phase into the enhanced, perfused areas. If the specimen was considered unsatisfactory a second puncture was performed in the late arterial or portal phase. For poorly visible tumoral lesions in conventional US the biopsy was performed: a) in the arterial phase if the lesion had been well delineated in this phase as a hyper or hypovascular area; b) in the parenchymal phase if the lesion was known/suspected to be a metastases and was not clearly depicted by conventional US. The lesion was punctured when it washed out and the tissue to lesion contrast ratio was maximal; and c) in both phases usually if the specimen sampled in arterial phase was judged to be unsatisfactory.
If the lesion had a CEUS aspect typical for a benign tumor (like haemangioma or focal nodular hyperplasia) and/or the lesion's size was small, the puncture was avoided.
All the CEUS examinations and CEUS-PLB as well as the US-PLB were performed by the same physician (ZS) with high experience in interventional ultrasound.
Final lesion diagnosis
If the pathological diagnosis was positive for malignancy the result was considered true positive. In case of a certain benign tumor (haemangioma or focal nodular hyperplasia) the result was also considered true positive. In cases when the result of the biopsy was negative for malignancy or benignity (regenerative nodule, abscess) the final diagnosis was established by a combination of clinical, biochemical (tumoral markers) and imaging data and/or a follow up of 6 months. If malignancy was later confirmed, the result of the biopsy was considered false negative. In some patients from the US-PLB group the biopsy was repeated using CEUS guidance.
Statistical analysis
The difference in diagnostic accuracy between the 2 groups was calculated with the chi-square test using the SPSS version 10. Enumeration data were given as mean ± SD and were analyzed with an unpaired t test. A p value of less than 0.05 was considered significant.
Results
In 4 patients CEUS performed immediately before the CEUS-PLB revealed typical pattern of haemangioma (3 lesions) and focal nodular hyperplasia (1 lesion). In those cases the biopsy was not performed and the patients were not included in the study.
The characteristics of patients in both groups are presented in table I.
There was no statistically significant difference between the 2 groups in the size ranges of the liver lesions (p>0.05).
Real time CEUS-PLB was technically successful in 84 of the 86 procedures (97.6% technical success rate). In 2 cases the lesion could be punctured neither in ar- terial nor in portal or parenchymal phase. These cases were considered false negative results. In one case the lesion could not be correctly targeted in the arterial phase but was in the parenchymal phase (fig 1) . Twenty-four CEUS-PLBs were performed only in the arterial phase, 13 in the parenchymal phase and 49 in both phases. The indications for CEUS-PLB and the pathological results are presented in Table II . The US-PLB was technically successful in all cases. The average number of puncture attempts in US-PLB and CEUS-PLB groups was 1.80 and 1.65 respectively (difference not significant). The rate of a successful single puncture attempt in CEUS-PLB (37 of 86, 43.02%) was higher than in the US-PLB group (18 of 81, 23.4%) (p<0.05, χ 2 =6.354). The frequency of benign lesions was 8.13% in the CEUS-PLB group and 6.17% in the US-PLB group (difference not significant).
In the CEUS-PLB group a final pathological result could be reached in 83 of 86 patients (96.5% accuracy). The accuracy is significantly higher than for US-PLB, (fig 2) .
For different sizes of the lesions the accuracies are depicted in figure 3 . It should be mentioned that although CEUS-PLB was superior to US-PLB for all size ranges and also for portal thrombus biopsy, the difference is statistically significant only for tumors larger than 6 cm (97.8% vs. 82%, P=0.03, χ 2 =4.521) (fig 4) and those poorly visible on US (100 vs. 66.6%, p=0.029, χ 2 =4.732) (fig 5) . For local recurrences after percutaneous ablation the accuracy of CEUS-PLB was superior to US-PLB (100 % vs. 66.6%) but without statistical significance (p=0.87). Fifteen patients in the US-PLB group and 3 patients in the CEUS-PLB group had false negative results (Table III) .
Finally 10 of the 15 patients with false negative results were re-biopsied using CEUS-PLB. In all cases the final diagnosis could be achieved (HCC 4 patients, malignant PVT 2 patients, metastatic adenocarcinoma 4 patients).
The frequency of major complications was similar in both groups (1.23 % and 1.11% respectively). One patient in US-PLB developed an uncontrolled intraperitoneal bleeding requiring surgery. In the CEUS-PLB group one intraperitoneal bleeding managed conservatively occurred.
Discussion
PLB is used extensively to diagnose hepatic tumors in clinical practice. Despite all the gained experience, improvements in needles and US techniques, false negative results still persist. There are several factors that may be responsible for this: a) the presence of tumoral necrosis or fatty changes usually found in large lesions. Necrotic tissue cannot be identified on B-mode ultrasound, especially before liquefaction has occurred; b) small, deep located (in posterior segments of the liver) or lesions in risky locations (i.e. near vascular structures, gallbladder, and colon) may be difficult to visualize and target with B mode US; c) invisible or poorly visible lesions in B mode ultrasound like small liver metastasis or isoechoic HCCs require several passages to target the lesions. In such cases contrast enhanced imaging methods such as CT and MRI are required to image and target the lesion [2, 3] .
In the last years CEUS has emerged not only as a valuable diagnosis method for focal liver lesions (in terms of characterization and detection) but also as a guidance method for various liver interventions including percutaneous biopsy [10] [11] [12] [13] [14] [18] [19] [20] [21] [22] .
Previous studies have demonstrated that CEUS guidance may improve the accuracy of liver biopsy in large hepatic tumors with consistent necrosis, hypovascular tumors, complex cystic masses, lesions invisible or poorly visible to conventional ultrasound, and in diagnosis of PVT [9] [10] [11] [12] [13] [14] [15] 23] . In these studies CEUS was used before *including one patient with recidive after percutaneous ablation, HCC-hepatocellular carcinoma, PVT portal vein thrombosis PLB [13] or as real time guidance for lesions not visible at conventional US [11, 14] . To our knowledge this is the first prospectively comparative study assessing the usefulness of real time CEUS guided biopsy in liver tumors in comparison with conventional US guided biopsy. Some technical difficulties have been reported with real-time CEUS biopsy: a) sometimes the biopsy needle cannot be reliably identified in the bright contrast enhancement in the surrounding parenchyma which may lead to misplacement [14] ; b) the short period of arterial enhancement available for puncture. This difficulty is present mostly for lesions not depicted in B mode US and depicted only in the arterial phase of CEUS as hyperenhancing areas. All these limitations can be overcome by using: a) a split-screen mode which displays the CEUS image on one side and the B mode US image on the other side (available now on most of the systems) with a better conspicuity of the needle in B mode image; b) smaller amounts of contrast with less enhancement in the arterial phase and c) needle guides [11, 12, 14] . A preprocedural injection may aid in the detection of the lesion and planning the biopsy [13] .
The results of our study showed that real-time CEUS-PLB is a feasible technique with a 97.6% success rate. Two other similar studies have reported lower success rates, 84% and 91.6% respectively [11, 14] . In those studies only lesions not seen on the B mode US were included whereas in our study only 2 out of 86 lesions were not seen on B mode US.
The present study has demonstrated that the overall accuracy of CEUS-PLB is significantly superior to US-PLB. Although CEUS-PLB has provided increased accuracies for all subgroups, the difference was statistically significantly only for lesions occurring in liver cirrhosis, for those larger than 6 cm, and for B mode US poorly visible lesions.
The overall accuracy of CEUS-PLB was similar to that found in the study of Wu et al (95.3%) who used CEUS before biopsy to obtain intralesional information regarding the presence and disposition of the viable tumoral tissue [13] . In the same study an increased accuracy was demonstrated in the CEUS group for all size subgroups, the values obtained being quite similar to our study. A significant difference was found only for lesions less than 2 cm [13] . In our study although the difference in accuracy for lesions less than 2 cm was important, it did not reach statistical significance presumably due to the low number of cases.
The significantly increased accuracy for CEUS-PLB in lesions >6 cm may be explained by the possibility to target the needle in an enhanced part of the tumor, thus avoiding necrosis, usually present in large lesions, mainly in the central part [8, 12, 13] .
The superiority of CEUS-PLB for poorly visible/invisible lesions was also demonstrated in 2 previous studies [11, 14] . In a prospective study that evaluated percutaneous real-time CEUS guided biopsy of focal hepatic lesions not confidently localized on B-mode US in 44 patients, Yoon et al reported an overall sensitivity in the diagnosis of malignancy of 88% [14] .
CEUS-PLB was also superior to US-PLB in patients with neoplastic PVT, results that were previously demonstrated by our group [23] . The false negative result present in our study was due to a targeting error. Based on the results of previous studies we may state that when confirmation of malignant thrombosis is required, PVT biopsy may be performed by CEUS guidance to reduce false-negative results due to blind sampling [23, 24] .
Local recurrences after percutaneous ablation for HCC or metastases in this study were more accurately diagnosed using CEUS-PLB. Recurrences are located around the treated area, often are large and cannot be differentiated from the treated, necrotic area using B mode US [13] . In practice, contrast enhanced CT, MRI, and CEUS have high sensitivities and accuracy for the detection of the residual tumor [25] [26] [27] . However, there are some circumstances where the imaging methods are less reliable (such as perilesional arterio-portal fistulas or other vascularization disturbances, diffuse HCC in the vicinity of the ablated area) or the pattern of recurrence (diffuse or multicentric tumors) requires the start of a systemic therapy (e.g. with Sorafenib) [27, 28] . In such cases a biopsy may be required.
The present study revealed the fact that the advantage of CEUS-PLB over US-PLB is far more evident for lesions in the cirrhotic liver in comparison with the liver without cirrhosis. Possible explanations are the difficulties to detect and target lesions in the cirrhotic liver, which are more often poorly visible, diffuse, with intravascular spread, or large. In fact the false negative results of US-PLB in cirrhotic patients were due to necrosis in 50% of cases and to poorly visualized lesions in 25%. However, these findings should be validated in a prospective large trial with a significant number of patients.
The use of CEUS guidance did not increase the complications rate. Moreover, having a higher rate of successful single puncture attempts, it may lead to lower complications respectively with classical US guided biopsy.
By integrating the results of the present study with the experience gained from previous similar studies, an important question may arise. What is recommended before a liver biopsy? To do a CEUS before biopsy and select cases where CEUS guidance may help or to perform real time CEUS-PLB in all cases? The answer depends on several factors including the population referred for biopsy. In an oncological population where the diagnosis was done by CT/MRI, a CEUS guided PLB would be more appropriate. For lesions detected by US, CEUS performed immediately thereafter will further characterize the lesion to avoid unnecessary biopsy and will offer important information for choosing a CEUS-PLB (presence of necrotic areas, complex or less demarcated lesion).
This study has some limitations. First, the selection of patients and the inclusion in one of the subgroups (i.e. poorly visible lesions) depended on the subjective judgment of one physician. Second, nearly 40% of the biopsies in the US-PLB group were performed using a middle range US system, with less image resolution, which may have contributed to the lower accuracy for this group. However, the physician who performed all the biopsies had considerable experience on that system which has resulted in a high confidence in his skills. Thirdly, the same physician who performed also the CEUS guided biopsies had a 15 years experience with US guided biopsy and 5 years experience with liver CEUS studies. In this setting the results of this study may not be generalized to other smaller centers with less experienced physicians.
In conclusion, CEUS guided biopsy is a feasible and low risk technique that increases the diagnosis accuracy in liver tumors. Some particular tumor subtypes (large, poorly visible, or on cirrhotic liver) may benefit the most from this technique.
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